Summary Rat urinary bladder epithelial cells exhibited a membrane potential of about -22 (apical) and -24 (basal) mY in normal Krebs solution. Blockade of Na+ entry through the apical membrane by Nay depletion or administration of amiloride, or inactivation of the Na pump in the basal membrane by ouabain resulted in marked hyperpolarization of the epithelial cells. N butyl-N (4-hydroxybutyl) nitrosamine (BBN), a specific carcinogen, and saccharin, a potent enhancer of carcinogenesis, inhibited development of the Na+ channel and/or Na pump on the bladder epithelium. This physiology may contribute to the abnormal intracellular environment leading to bladder carcinoma.
The amphibian urinary bladder possesses active transport for reabsorption of Na+ and possibly other electrolytes. Data on the potential difference (PD), short circuit current, and ionic fluxes across the epithelial cells of toad or turtle bladder have been reported (NAGEL et al., 1981) . WICKHAM (1964) , showed that the isolated mammalian (rabbit) bladder also had similar properties, i. e., transcellular Na+ transport from the mucosal to the serosal side.
We examined the electrophysiological properties of rat bladder epithelial cells using microelectrodes and the nature of chemically-induced bladder carcinoma was investigated.
Urinary bladder tissues isolated from 8-10-week-old rats (Fisher 344) were mounted on a temperature controlled (37°C) measuring apparatus ( Fig. la) containing Krebs solution (in mM: 137 Nat, 6 K+, 1.2 Mgt +, 2 Cat, 134 Cl-, 1.2 H2P04 , 15 HC03 , and 11 glucose) bubbled with 02-C02 (95 %-5 %). Mucosal and serosal sides were perfused separately. A microelectrode filled with 3 M-KC1 solution (15-20 MSS) was inserted from the mucosal side with the aid of an oil-K. HOTTA, et al. driven micromanipulator. When the microelectrode was impaled into the cell, an abrupt change of potential occurred, yet there was no noticeable change in input impedance monitored continuously during the measurement.
Six-week-old male rats were grouped into 3 : group 1, N butyl-N (4-hydroxybutyl) nitrosamine (BBN, 0.05 % in water) treated; group 2, saccharin (5 % in diet) treated; and, group 3, control. Four rats in each group were killed at the end of 1st, 2nd, 4th, and 8th weeks after treatment and bladder tissues were prepared. Statistical significances of the differences between groups were examined using Student's t-test.
The rat bladder epithelial cells exhibited a membrane potential of approximately -22.6+1.5 mV (mean+S.D., n=134) and -24.2+2.0 mV (n=119) for the apical and basal membrane, respectively. Although transcellular PD between mucosal and serosal sides varied with the sample, the serosal potential was always more positive than the mucosal one (range 0-5 mV). 1, NaC1 to choline chloride; 2, amiloride administration (10_4 M); 3, ouabain administration (10_4 M); 4, high K+ 50 mM (reduced Na+).
The effects of Na+ deficiency, addition of amiloride or ouabain, and high K+ on the membrane potential were investigated. When the mucosal side of the membrane was exposed to 16.2 mM-Nat solution (NaCI was replaced with choline chloride), there was a drastic hyperpolarization of the apical membrane (-36.8+ 1.2 mV), whereas no such change occurred with exposure of the serosal side to Na-deficient solution. Amiloride, a Na+ channel blocker (BENTLEY, 1968) , had an effect similar to that seen in the Na+ deficient solution (Fig. 1) . On the other hand, ouabain induced a marked hyperpolarization of the apical membrane only when applied from the serosal side. Hyperpolarization lasted for at least 15 min, and a gradual depolarization followed. High-K+ solution applied from the serosal side reduced the membrane potential (Fig. 1) and the changes in the potential were completely reversible when the bathing solutions were replaced by normal Krebs solution. Figure 2 shows the change in the apical membrane potential induced by pre-treatment of animals with BBN or saccharin. Apical membrane potential of the bladder cells became increasingly negative with extension of the periods of treatment ( Fig. 2a) and a plateau was evident at the 4th week. These changes were dose dependent (Fig. 2b) . The membrane potentials of bladder cells from BBN treated rats were not affected by replacement of 120.8 mM-NaCI with equimolar choline chloride in the solution of the mucosal side or by addition of ouabain to the solution of the serosal side after 4 weeks of pre-treatment (data not shown). In these pathological cells there was a negligible transcellular PD, as deduced from a small number of measurements.
The results on apical membrane potential obtained here are consistent with findings in case of the rabbit bladder, reported by LEWIS et al. (-25 and -40 mV, normal and Na+ deficient, 1976) , however, basal membrane potential and transcellular PD observed in our study were much smaller than their values (-41 mV and more than 20 mV serosal positive). Reasons for the discrepancies may be :
(1) leaky intercellular structures for ions in the rat bladder or (2) increased ionic conductance due to the edge damage when mounting the specimen in the apparatus, as pointed out by . As the rat bladder is so small, the area exposed to the measurement was 0.12 cm2, while that for the rabbit bladder used by LEWIS and DIAMOND (1976) was 2 cm2. Therefore, effects related to the damaged area may be more considerable in case of rat tissue than in the rabbit. The membrane potential of rat epithelial cells appears to consist of K+ diffusion and partly Na pump potentials, as suggested by . High permeability to Na+ through the apical membrane may reduce the membrane potential calculated from the K+ equilibrium potential when intracellular Na+ concentration is kept at low levels. Therefore, the hyperpolarization induced by reduced Na+ influx (which is caused by Na+ depletion or by amiloride) may be evidence for the significant involvement of Na+ diffusion potential in the apical membrane potential.
BBN and saccharin, a specific carcinogenic factor and an enhancer of bladder cancer, respectively, induced marked morphological changes on the surface of epithelial cells, i. e., swelling and development of microvilli (ITO et a!.,1969; SHIRAI et al., 1977) . Treatment of animals with these chemicals induced marked hyperpolarization of apical membrane of the epithelial cells. BBN and saccharin had no effect when added directly to the bathing solutions, indicating no immediate interactions between the ionic channels or active pump in the membrane and the chemicals. Therefore these chemicals may inhibit formation of the specific Nay channel on the apical membrane during differentiation of the cell. The intracellular ionic environment is modified considerably under these conditions (HANDLER et al., 1972) . Thus, in the course of cell differentiation, an abnormal occurrence such as carcinogenesis may occur.
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